Mitochondrial biogenesis in striated muscles: rapid induction of citrate synthase mRNA by nerve stimulation.
Tonic contractile activity induces mitochondrial biogenesis in mammalian skeletal muscles, necessitating regulation of both nuclear and mitochondrial genes encoding mitochondrial proteins. In this study we compared the time course of induction of citrate synthase (CS) mRNA, a nuclear gene product, to that of genes encoded by mitochondrial DNA during the adaptive response to indirect nerve stimulation in tibialis anterior muscles of adult rabbits. A CS cDNA probe was prepared from a rabbit heart cDNA library by the polymerase chain reaction using synthetic oligonucleotide primers based on the published sequence of the porcine gene. This cDNA probe hybridized to a single band on Northern blots of total or polyadenylated RNA from adult rabbit tissues. Nerve stimulation for 3 days increased the abundance of CS mRNA relative to total cellular RNA by 2.3 +/- 0.2-fold (mean +/- SE, n = 8; P less than 0.01). In contrast, CS enzyme activity and mitochondrial RNA transcripts were not significantly increased at this time point. However, when nerve stimulation was continued for 21 days, the increases in CS mRNA and mitochondrial RNAs were similar. These results support the hypothesis that genetic signaling mechanisms triggered by neural input are sensed initially within the nucleus and that expression of mitochondrial genes is regulated as a secondary event.